The epidemiology of Q fever in Germany was examined by reviewing revelant studies since 1947 and by analyzing available surveillance data since 1962. The average annual Q fever incidence nationwide from 1979 to 1989 was 0.8 per million and from 1990 to 1999, 1.4 per million. The mean annual incidence from 1979 to 1999 ranged from a minimum of 0.1 per million in several northern states to 3.1 per million in Baden-Württemberg, in the south. We identified 40 documented outbreaks since 1947; in 24 of these, sheep were implicated as the source of transmission. The seasonality of community outbreaks has shifted from predominantly winter-spring to spring-summer, possibly because of changes in sheep husbandry. The location of recent outbreaks suggests that urbanization of rural areas may be contributing to the increase in Q fever. Prevention efforts should focus on reducing sheep-related exposures, particularly near urban areas.
Q fever is caused by the pleomorphic, obligate intracellular rickettsial agent Coxiella burnetii, which has an envelope similar to that of gram-negative bacteria. It is found worldwide except in New Zealand (1) . Its most important reservoirs are ticks and ruminant animals such as cows, sheep, and goats (1) (2) (3) (4) . Although infection rarely causes major clinical symptoms in animals (5) , it has been associated with infertility (6,7) and abortion (8, 9) , particularly in first-bearing newly infected parturient animals (10) . Birth products from infected animals thus contain high concentrations of C. burnetii and can be an important source of environmental contamination (11) . Transmission to humans and other animals by the aerosol route is facilitated by the tenacity of C. burnetii's survival for months to years in a sporelike state on wool or fur contaminated with infected tick feces, in water, and in soil (12) .
Acute Q fever in humans is characteristically a febrile, flulike illness associated with pneumonia or hepatitis (2, 3, (13) (14) (15) (16) (17) (18) . Rare complications include myocarditis, pericarditis, or meningoencephalitis (1, 13, 19) . The death rate among persons with Q fever pneumonia is 0.5% to 1.5% (14) . Up to half of patients may suffer protracted fatigue and weakness after acute disease (20, 21) . Rarely, more serious forms of chronic disease (most commonly endocarditis but also chronic hepatitis and vascular, osteoarticular, or pulmonary infections) may develop months to years after the acute infection (13, 22, 23 ). An increased long-term risk for arterial disease and death has also been observed (24) .
Q fever was first recognized in southern Germany when several large outbreaks occurred in rural communities in 1947 to 1948 (25) (26) (27) (28) . Since then, it has been endemic in Germany. In the 1990s, several large outbreaks were recognized and investigated (5, (29) (30) (31) (32) (33) (34) (35) (36) . This led us to review the epidemiology of this disease in Germany.
Methods
Clinically manifest Q fever has been statutorily notifiable since 1962 in the former West Germany and since 1979 in the former German Democratic Republic (GDR, East Germany). In 1991, the two reporting systems were amalgamated. The Robert Koch Institute in Berlin receives weekly reports of the number of persons with diagnosed (laboratoryconfirmed or epidemiologically linked) Q fever from local health departments through the state health authorities. Local health departments receive notification of Q fever infections from hospitals and physicians in private practice. The Federal Office of Statistics prepares annual statistical reports of notifiable diseases. We reviewed surveillance data on Q fever from humans in Germany since 1962 from these sources.
The mean annual incidence rate was calculated for the periods from 1979 to 1989 and from 1990 to 1999 by taking the mean number of persons with Q fever reported per year during each period and dividing by the 1985 and 1995 German populations, respectively. The mean annual incidence rate for the period 1979 to 1999 was calculated by taking the mean number of persons with Q fever reported per year and dividing by the 1990 German population. Incidence rates for each of the 16 German states were calculated similarly.
We reviewed veterinary surveillance data based on passive, biannual reports of the number of domestic animal herds with laboratory-confirmed Q fever (37) . To obtain further information on the epidemiology of Q fever in Germany, we searched databases (MEDLINE, from 1966; EMBASE, from 1974; AGROKAT, from 1960; CAB ANIMAL, from 1972; and CABVET SCI, from 1972) and reviewed the cited literature in the retrieved relevant articles. In addition, we contacted local health departments for unpublished details on recent outbreaks.
Results

Surveillance
Human Q fever surveillance data since 1962 indicate an irregular cyclic incidence pattern (Figure 1 ). Very few cases were reported from states constituting the former GDR (approximately one fourth of the German population), with the exception of the years 1982 and 1983, when an outbreak occurred in Thuringia (38) . To consider the long-term incidence pattern between 1962 and 1999, data from West German states must be considered separately. Except for 1979 to 1991, when there is little cyclicity, the interval between the peaks is approximately 4 to 6 years. The peak in 1993 with 181 (278, if unreported cases from two outbreaks [30, 35] are taken into account) and the peak in 1999 with 268 cases (West German states) were the highest since 1964, when 437 cases were reported.
The average annual incidence of Q fever in Germany from 1979 to 1999 was 1.1 per million population. From 1979 to 1989, the incidence was 0.8 per million population, and from 1990 to 1999, 1.4 per million population. The mean annual incidence rates calculated from 1979 to 1999 were generally higher in the southern German states-highest in Baden-Württemberg (4.1 per million), followed by Hesse (2.8 per million), Rhineland-Palatinate (0.9 per million), and Bavaria (0.8 per million) (Figure 2 ). The high average incidence observed in West Berlin (1.4 per million) is explained by an outbreak in 1992 (5, 39) . Had the outbreak not occurred, an incidence rate of 0.2 per million would have been observed in Berlin in this period.
Outbreak
We documented 40 outbreaks of Q fever in humans from 1947 to 1999 (Table 1) . In all but three outbreaks, the disease was confirmed in at least some of the persons affected, either serologically or by transmission from human serum or sputum to mice or guinea pigs.
Sheep were implicated in the transmission of Q fever to humans in at least 24 of the documented outbreaks (in six rural community outbreaks the source was uncertain). Exposure to products of conception was explicitly considered the potential source of infection in 11 of the sheep-associated outbreaks. In the outbreak in Dortmund, Northrhine-Westphalia, a case-control study revealed that exposure to manure contaminated with the products of conception from infected sheep was associated with Q fever (35) . Infectious dust produced by shearing of sheep whose wool was presumably contaminated with infected tick feces was suspected as another possible source of transmission, since shearing and disease occurrence were temporally associated in 3 of these 11 outbreaks and as the main source in one other outbreak. In 12 outbreaks, sheep located near or migrating through inhabited areas were implicated without specification of the presumed mechanism of transmission. Dry weather or wind blowing from areas where sheep were located to inhabited areas was thought to play a contributory role in at least 14 outbreaks.
Cattle were suspected as the source of infection in six outbreaks; four were community outbreaks (40) (41) (42) (43) . In the Niederrhein outbreak in 1958 (42, 43) , exposure to products of conception aborted by a seropositive cow and to other seropositive cows sold at an animal fair was considered to be the source of infection (42, 43) . Exposure to infected cows, Figure 1 . Number of reported cases of Q fever in Germany, 1962-1999. *In 1993, 184 persons with Q fever were officially reported; 101 of these persons were part of the outbreak in Oberscheid, Hesse , and were only reported to the Robert Koch Institute and not to the federal Office of Statistics (36) . However, a total of 97 symptomatic persons with serologically confirmed Q fever were described in a report of the outbreak in Dortmund, Northrhine-Westphalia, and 43 serologically confirmed symptomatic cases were reported in an outbreak among military recruits in Sontra, Hesse (Table 1) . Thus a minimum of 94 persons with Q fever were not officially reported in 1993. (In Northrhine-Westphalia, 34 cases were reported; thus a minimum of 97 -34 = 63 cases were not reported. In Hesse, 117 cases were reported, including 105 in conjunction with the Oberscheid outbreak [ Emerging Infectious Diseases some shedding C. burnetii in their milk, was implicated in the community outbreaks in Neulussheim, Zuzenhausen, and Schwaikheim in Baden-Württemberg (40, 41) . The other two cattle-associated outbreaks occurred in abattoirs (44, 45) . In one additional abbatoir-related outbreak, the source of infection could not be identified (46) .
Two laboratory outbreaks occurred in 1947 and 1948 (26, 47) , but none have been reported since. Exposure to sputum of a patient who contracted Q fever in a laboratory that contained high concentrations of C. burnetii caused a hospital outbreak in 1948 (28) .
The seasonality of community outbreaks in Germany has changed during the past decade compared to earlier years ( Figure 3) , with a marked decrease in winter outbreaks and an increase in summer ones. In contrast to earlier community outbreaks, which were almost exclusively rural, recent outbreaks have frequently involved people living in or near urban areas (5, 30, 34, 35, 48) .
Seroprevalence Studies
Seroprevalence studies of C. burnetii antibodies in the German population have not been performed recently. Of 1,611 serum samples collected from blood donors from all 16 German states from 1983 to 1986, 22% were positive for C. burnetii antibodies using a phase I/II immunoglobulin (Ig) G enzyme-linked immunosorbent assay (ELISA) (49) . In this survey, 15% of the 205 specimens from Hesse were positive. None of 1,075 sera from blood donors from Hesse had been positive for C. burnetii using complement fixation (CF) (positive titer 1:10) in a 1977 survey (50) . This suggests a possible increase in exposure to C. burnetii during this interval, although ELISA has a higher sensitivity than the CF test (1) . State-specific surveillance data from Hesse also suggest an increase in disease activity during this interval: The annual number of reported human Q fever cases was 0.6 cases per year between 1962 and 1977 but averaged 5.3 cases per year from 1978 to 1986. In a seroprevalence study among German federal armed forces personnel from 1985 to 1987 (51), 22% of 1,651 blood donors had antibodies to C. burnetii using the same ELISA as used by Schmeer et al. (49) .
Q Fever in Animals
The extent of disease in animals over time is difficult to quantify. State veterinarians are required to report biannually the number of herds in which one or more animals have laboratory-confirmed Q fever (37) . The average annual number of reported herds with Q fever was 71 between 1971 and 1979, 328 between 1980 and 1989, and 303 between 1990 and 1998. However, this does not permit inferences about the extent of infection, as neither the number of herds nor the number of animals tested is available. Furthermore, testing is not representative because the disease is generally asymptomatic in animals. Most testing occurs routinely in dairy cattle whose milk is destined for human consumption without pasteurization or in cattle destined for slaughter; otherwise, testing occurs only sporadically, as when the number of abortions increases, infertility is noted, or an outbreak of human disease is thought to be related to an animal source. In 1998, a survey requesting information on the number and results of Q fever testing in state veterinary laboratories in 13 of the 16 German states was performed (52) . This showed that 7.8% of 21,191 tested cattle, 1.3% of 1,346 tested sheep, and 2.5% of 278 tested goats had evidence of C. burnetii infection by various tests (52) . Again, the reasons for testing are not available; thus, the results cannot be considered representative of Q fever in animals in general and give only a rough indication of the extent of disease.
Seroprevalence surveys in cattle reveal that C. burnetii infection has been endemic in cattle in southern Germany since the 1950s; the seroprevalence reported in various surveys is generally >5% (53) (54) (55) . Baden-Württemberg may be an exception (7), as a very low cut-off titer was chosen there, making comparison with other studies difficult (Table 1) . Although different tests were used over time and between locations, seroprevalence in cattle in southern Germany appears to have remained fairly constant since the early 1950s. However, in other parts of Germany that have data available over time (e.g., Hesse, Northrhine Westphalia, Lower Saxony), seroprevalence was very low in the 1950s and 1960s but increased to levels comparable to those in southern Germany in the 1980s and 1990s (Table 1 ). In herds that had problems with infertility or abortions, seroprevalence rates were as high as 75% (6, 7) .
Seroprevalence of C. burnetii antibodies in surveys of sheep has generally been lower than in cattle (Table 2) . This is likely partially due to the longer persistence of antibody titers in cattle (13) . However, when surveys were performed in flocks of sheep implicated in human outbreaks, much higher seroprevalences were often found (Table 2) , presumably reflecting more recent, acute infection with C. burnetii.
Discussion
The number of persons reported annually with Q fever in Germany rose markedly in the 1990s. Although this could According to a study by Schaal and Schäfer (62), 33% of cows seropositive at a titer of 1:10 and 65% positive at a titer of 1:20 shed C. burnetii in their milk. e The ELISA used in Germany and in all studies listed in this table (except for [59] , for which no information was provided) is based on the test developed by Schmeer et al. (49, 65) , which contains both phase I and phase II antigens and detects immunoglobulin (Ig) G as well as IgM-antib odies. The following antigens are included in this ELISA: Nine Mild Strain (phase II), Munich Strain (phase I and II), and Frankfurt Strain (mainly phase I). A net absorption cutoff of 0.200 read at 450 nm was used. In a large seroprevalence survey by Gouverneur (6) , all of the sera testing positive by CF at a titer > 1:20 tested positive by ELISA. However, while 13.4% of sera tested positive by ELISA, only 6.3% tested positive using CF at a titer > 1:20. At a CF titer of 1:10, only 58% of positive sera also tested positive by ELISA. However, at this titer, 8.4% of sera tested positive by CF. This is still 37% less than found using the ELISA. In a smaller study by Schmeer et al. (49) , all sera testing positive at a titer > 1:16 tested positive by ELISA. be due to enhanced awareness and better clinical recognition of the disease, the increased number of Q fever outbreaks, which are less likely to be clinically missed than sporadic cases, suggests that the increase is real. In fact, outbreaks in Baden-Württemberg, Hesse, Northrhine-Westphalia, and Berlin are responsible for most of the increase. The increased outbreak activity observed during the 1990s is reminiscent of the large outbreaks described between 1948 and 1954 (see online table of documented Q fever outbreaks in Germany from 1948 through 1999 at URL:http://www.cdc.gov/eid/ vol7no5/hellebrand_table).
The seroprevalence of 22% found in blood donors and military personnel in the 1980s in Germany is probably not representative of the general population. We have no information on the proportion of rural versus urban residence for blood donors. However, a seroprevalence study of blood donors in Switzerland (using a phase II IgG immunofluorescence test with a cut-off titer of 1:20) revealed lower seroprevalences in urban areas (10.9%) as compared to rural areas (17%) (68) . In addition, because soldiers often train on grounds that are grazed upon by sheep (69) , their exposure to C. burnetii may be higher than the general population's. A seroprevalence of 4% was found in 942 blood donors in Marseille, France, in 1988 also using a phase II IgG immunofluorescence test (cut-off titer 1:25) (70). In the Netherlands, a much higher seroprevalence of 45.5% was found in sera collected from blood donors between 1968 and 1983, using a Phase II IgG immunofluorescence test (cut-off titer 1:16) (71). However, international comparisons are difficult because of varying test methods and cutoffs.
The relatively high seroprevalence of C. burnetii antibodies in Germans suggests that the true number of persons with Q fever exceeds the number reported. Because Q fever often presents as a flulike illness, it may not be correctly diagnosed unless there is heightened suspicion of Q fever, such as would occur during an outbreak. Even then, not all cases may be reported. In 1993, at least 94 persons with symptomatic Q fever during recognized outbreaks were not reported to the surveillance system (Figure 1) .
The cyclic incidence peaks seen on the surveillance curve generally correspond to years in which one or more outbreaks were documented. Thus, the occurrence of outbreaks was largely responsible for the cyclic pattern, a finding similar to that observed in Israel (72) . It is unknown whether the incidence of sporadic Q fever follows the same cyclic pattern as Q fever occurring in outbreaks.
The highest Q fever incidences in Germany were observed in Bavaria, Baden-Württemberg, Rhineland-Palatinate, Hesse, Northrhine-Westphalia, and Thuringia, with Hesse showing the greatest increase since 1990. Of the 34 community outbreaks, 33 occurred in these six states. The tick Dermacentor marginatus, which acts as a host for C. burnetii and feeds on sheep in large numbers, is endemic in the four most southern states (Bavaria, Baden-Württem-berg, Rhineland-Palatinate, and Hesse) but has not been , 1947-1969, 1970-1989, and 1990-1999 . For each community outbreak in which sheep were implicated, the number of months' duration in each season was calculated. For each time period, the percentage of the total number of outbreak months occurring during each season was calculated. The "year-round" outbreak in Dettenhausen (Table 1) was excluded. Winter = JanuaryMarch; spring = April -June; summer = July-September; autumn = October-December.
found in the more northern states of Northrhine-Westphalia or Thuringia (59, (73) (74) (75) . Excreta from infected ticks persist in animal fur as a highly infectious dust, permitting aerosol transmission within the flock as well as to humans (73) . This can occur through direct or indirect contact or through shearing, as observed in the outbreaks in Baden-Württem-berg in 1998 and 1999 (see online table) . C. burnetii has also been isolated from the tick Ixodes ricinus in Baden (40) , in Northrhine-Westphalia (61), in Hesse (69), and in Thuringia (38) . A role for I. ricinus in the transmission cycle of C. burnetii in areas where D. marginatus is not endemic but Q fever incidence is relatively high, such as Northrhine-Westphalia and Thuringia, is plausible, although evidence is lacking thus far. A tick-independent cycle of C. burnetii has been observed in cattle (55) . In addition to infectious dust from tick excreta, contaminated birth products are an important source of human infection (2, 12, 13, 76) . Terhaag (77) first noted the temporal association of Q fever outbreaks with outdoor lambing in southern Germany. Exposure to infectious products of conception was implicated in 10 sheep-associated community outbreaks and one cattle-associated community outbreak in this study.
Cattle were implicated in only four community and three abattoir outbreaks, none of which occurred recently. Although the increase in seroprevalence in cattle in more northern parts of Germany has been accompanied by an increase in reported Q fever outbreaks in Hesse and Northrhine-Westphalia (but not Lower Saxony or SchleswigHolstein), cattle were never implicated as a possible source of the outbreaks. This is likely because cattle do not migrate over large distances, they graze on pastures close to inhabited areas less frequently, and they are not shorn. Moreover, calving normally occurs indoors under more controlled conditions.
From 1947 to 1969, epidemic Q fever activity occurred mainly during winter and spring (Figure 3) . From 1970 to 1989, outbreaks occurred less commonly during winter, and started to occur during summer and fall as well. Finally, since 1990, outbreak activity has decreased further during winter and increased during summer (Figure 3 ). The change in seasonality coincides with changes in sheep husbandry. The nomadic form of sheep husbandry practiced mainly in southern parts of Germany has become less common. In former West Germany, nomadic herds gradually decreased from 1,178 in 1968 (30% of sheep) to 917 in 1988 (27% of sheep) (78) . By 1994 this had decreased further to 702 (18% of sheep, reunified Germany) (79) . Limited data from the late 1940s reveal that 50% of sheep farming was nomadic in Bavaria, 55% in Baden, and 88% in Württemberg (80) . In 1994, this had decreased to 28% in Bavaria and 56% in (now unified) Baden-Württemberg (79) . Because winter lambing (80) (81) (82) , with either spring (80, 81) or winter (82) shearing, is practiced in this form of sheep husbandry, the decrease in nomadic sheep farming in Germany may be related to the decrease in outbreaks during winter.
Spring lambing and shearing are most common in other forms of sheep farming, which have increased proportionately in Germany (82) . Lambing at other times of the year, however, is possible and is being increasingly encouraged to enable year-round provision of the market with fresh lamb meat (83) . Increased lambing or shearing during the warmer, drier seasons could increase the risk of aerogenous spread of C. burnetii from birth products or wool to humans and may thus be one possible explanation for the recent seasonal shift as well as for the increase in Q fever outbreaks in the 1990s.
In addition, outbreaks have increasingly affected people living in or close to urban areas (30, 34, 35, 48) . This suggests that increased exposure of susceptible humans to sheep through urbanization into traditionally rural areas may be another factor contributing to the observed increase in outbreaks. The use of sheep for landscaping purposes on recreational and park lands has also increased in importance since the 1970s (79, 84) .
Taken together, the presented data suggest that conditions for the transmission of C. burnetii to humans mainly from sheep have become more favorable in recent years, leading to increased outbreak activity in Germany. Therefore, stricter implementation of preventive measures is essential.
Apart from attempting to prevent the disease in animals as far as possible (e.g., isolation of animals that abort, examination of aborted lambs [69, 85] ), preventive measures must aim at preventing human contact with potentially infectious dust in animal fur and with infectious products of conception. In areas endemic for D. marginatus, control of transmission from ticks to animals must be achieved by rigorous treatment of sheep with acaricides (86) (87) (88) . Since 1981, acarcide treatment of sheep has been recommended in areas where D. marginatus is endemic (86) . However, such treatment may not protect for the entire tick season (86) , so avoiding close contact between tick-infested sheep and susceptible persons (particularly during shearing) remains important. Rigorous disinfection after lambing or calving, including adequate heat or chemical treatment of manure before its use as fertilizer as well as removal of birth products through a licensed institution (89) (90) (91) , is essential to prevent transmission.
Finally, investigation of vaccination of sheep against C. burnetii as a preventive measure in Germany may be warranted, particularly in light of a recently developed chloroform-methanol residue vaccine with fewer side effects (13, 92, 93) and long-lasting antibody induction in sheep (94) . Studies in cattle suggest that this could reduce both the degree and proportion of infectious placentas (7, 54) . Unfortunately, no Q fever vaccine is currently licensed for use in animals in Germany.
Conclusion
Human disease caused by C. burnetii appears to have increased during the past decade in Germany. Q fever is endemic in cattle throughout Germany and in sheep at least in southern, eastern, and western parts of the country. Sheep have most often been implicated in transmission of the disease to humans. Urbanization into rural areas; increased grazing of sheep on recreational and park lands, leading to increased opportunity for contact between susceptible persons and infected animals; and changes in sheep husbandry may have contributed to the observed increase in outbreaks. Thus, awareness of this disease as a threat to human health and compliance with preventive and control measures must be improved among farmers, veterinarians, and the public.
